Cellulose nanomaterial with rod-like structure and highly crystalline order, usually 
INTRODUCTION
Cellulose is the most abundant material in the universe and hydrophilic in nature (Azahari et al. 2017; . Cellulose has many hydroxyl functional groups on its surface that can be modified using oxidation, esterification, etherification, silylation and polymer grafting methods in order to attach a new functional group for different applications (Lin et al. 2011 ). Modification of cellulose is able to improve the compatibility and dispersibility in different medium such as water, organic solvent and polymer matrices (Zaman et al. 2012) .
Enzyme, also can be referred as protein is a macromolecule that has been widely used in the catalysis, biosensor, food industry and biotechnology fields (Sadasivuni et al. 2014) . Usually it acts as a catalyst to speed up the biochemical reaction. However, enzyme stability limits its repeatable uses, thus immobilization of the enzyme can solve the instability problem (Du et al. 2008) . Immobilization of the enzyme usually increases the stability of the enzyme as compared to its free form. There are several types of enzyme immobilization techniques that has been widely used by researchers, including covalent bonding, adsorption and cross-linking. Usually, adsorption is much simpler and cheaper but not reusable which means the enzymes are more susceptible to leach from the matrices (Ispirli Doğaç et al. 2014) . Immobilization using covalent bonding and cross-linking are more effective, but it tends to lower the enzyme activity. The crosslinking technique usually involves the uses of a cross-linking agent such as glutaraldehyde. Glutaraldehyde forms a stable cross-linking adduct by reacting with nucleophile such as amine, hydroxyl and imidazole group (Povedano et al. 2017) . Immobilization by covalent bonding provides much stronger and stable bond that can avoid the leach of enzyme into the solution.
Some of the researchers used CNC for enzyme immobilization such as cyclodextrin glycosyl transferase (CGTase) and alcohol oxidase (Mahmoud et al. 2009 ), papain (Cao et al. 2014; Mahmoud et al. 2013) , glucose oxidase (Incani et al. 2013) and Candida rugosa lipase (Kim et al. 2015) . Cao et al. (2014) have used CNC magnetic composite for papain immobilization and they found that all the parameters studied, including pH stability, storage, enzyme activity and level of tolerance to organic solvent are higher in the immobilized form as compared to its free form. Study by Kim et al. (2015) found that the amount of Candida rugosa lipase enzyme adsorbed on the CNC is higher compared to cellulose material, this probably due to the nanosize of CNC which provide larger surface area as compared to cellulose. Similarly, Cao et al. (2014) demonstrated that the half-life of the enzyme immobilized on CNC are 27 times higher as compared to its solution form. It could become a good choice for biosensor fabrication due to good biocompatibility of the enzyme immobilized on CNC matrix. Abd Manan et al. (2016) has fabricated a phenol biosensor based on tyrosinase enzyme immobilized on CNC/chitosan composite film. The biosensor can detect phenol concentration in the range of 0.39-7.74 μM with the LOD of 0.379 μM. In this work, the determination of phenol content was based on measurement of o-quinone produced from the phenol oxidation by tyrosinase enzyme. Previous studies showed that CNC are a good immobilization matrix for biomolecule. However, CNC conjugated-enzyme layer on the electrode surface for biosensor fabrication tends to crack when left to dry. In order to avoid or reduce the problem, CNC conjugated enzyme in the presence of poly(2-hydroxyethyl methacrylate) (polyHEMA), a hydrogel has been used to ensure a good film formed at the electrode surface.
Urea that is usually monitored in the blood sample which indicates renal problem is an organic compound that consists of carbon, nitrogen, oxygen and hydrogen. The content of urea either in low or high concentration can give effect to the human health (Esmaeili et al. 2015; Hamilton & Breslin 2014; Shalini et al. 2014) . Conventional analytical methods for urea detection including gas chromatography (Miller 1971) , spectrophotometry (Ceriotti & Spandrio 1963) and colorimetry method (Beale & Croft 1961 ) but all of these methods are not suitable especially for in-situ monitoring. Biosensor fabrication particularly electrochemical biosensor that could be miniaturized has been of great interest among researchers. There has been numerous urea biosensors been developed, including optical (Alqasaimeh et al. 2007 ), amperometric/voltammetry (Emami Meibodi & Haghjoo 2014) and potentiometric methods (Chirizzi & Malitesta 2011; Trivedi et al. 2009 ). In a study, Esmaeili et al. (2015) has developed urea optical biosensor based on nile-blue chromoionophore immobilized in kappa-carrageenan where the measurement was based on reflectance change due to the color change of the deprotonated immobilized chromoionophore. Tyagi et al. (2014) however developed an amperometric urea biosensor based on NiO nanorods (Nr-NiO) without employing any sensor reagent. The study involved the transfer of electron through the oxidation and reduction process of Nr-NiO matrix through Ni 2+ / Ni 3+ redox couple. In addition, Saeedfar et al. (2013) fabricated a potentiometry urea biosensor based on urease immobilized in fullerene nanomaterial. The fullerene was first functionalized with carboxyl group to conjugate the enzyme where the pH change from hydrolysis of urea by urease enzyme was detected by a hydrogen ion ionophore that was immobilized in a polyacrylate membrane.
Generally, the enzymatic hydrolysis of urea is not an electrochemically active process. Thus, the use of pHsensitive redox mediators are needed for amperometry/ voltammetry analysis (Hao et al. 2015) . Methylene Blue (MB) (Figure 1 ) is an organic dye and redox indicator that is highly dependent on pH. It is widely used as electrochemical indicator for DNA hybridization (Chen et al. 2017; Siddiquee et al. 2010; Xiao et al. 2008) . In this study, MB was used as a redox mediator and the current measurement of the urea biosensor is based on the oxidation of different forms of MB resulted from pH change from the urea hydrolysis. In this study, MB was immobilized on the SPE to produce reagentless biosensor so that no need for the introduction of the redox mediator for measurement purposes. FIGURE 1. Chemical structure of methylene blue (Siddiquee et al. 2010) Graphene that are composed of a monolayer sp 2 -bonded carbon atoms packed into benzene ring configuration are widely used for sensor and biosensor fabrication due to its fast electron transfer and excellent electrical conductivity (Chen et al. 2015; Gholivand & Khodadadian 2014; Sabury et al. 2015) . In our study, the reduced graphene oxide (rGO) has been used to improve the conductivity of the carbon electrode. Furthermore, it helps to facilitate the electron transfer process between the MB and the electrode surface.
In this study, urease has been used as a studied model enzyme immobilized on the modified-CNC using covalent bonding technique. TEMPO-mediated oxidation method was used for CNC surface modification and urease was immobilized on carboxylated-CNC using carbodiimide coupling method with the help of N-hydroxysuccinimide/N-(3Dimethylaminopropyl)-N'-ethyl-carbodiimide hydrochloride. The potential use of the immobilized enzyme on carboxylated-CNC for urea biosensor development was evaluated.
MATERIALS AND METHODS

CHEMICALS
Cellulose nanocrystals (CNC) and reduced graphene oxide (rGO) were provided by the Forest Research Institute Malaysia and Universiti Malaysia Pahang, respectively. Methylene blue, Ethyl alcohol (99.5%), Sodium hydroxide, Sodium hypochlorite 10% from SYSTERM, N-hydroxysuccinimide (NHS), 2,2,6,6,-Tetramethylpiperidin-1-oxyle (TEMPO, 98%), Urease, Type III: From Jack Beans, MES hydrate, poly(2-hydroxyethyl methacrylate), sodium bromide were obtained from Sigma-Aldrich, N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC) was purchased from Fluka, Urea (ANALYTICAL UNIVAR REAGENT), Phenolphthalein (ACS, Merck), 1,4-dioxane (ACROS ORGANICS), Hydrochloric acid (37%) from RCl Labscan. Potassium dihydrogen phosphate (SYSTERM) and Potassium phosphate dibasic anhydrous (Sigma-Aldrich) were used to prepare 0.05 M potassium phosphate buffer (PBS). Deionized water used for solution preparation was from Thermo Scientific™ Barnstead™ Water System.
INSTRUMENTATION
Ultra violet visible (UV-Vis) spectroscopic studies were performed using a UV-Visible Spectrophotometer Cary 50. Electroanalytical characterization was carried out by techniques using Autolab PGSTAT 12 Potentiostat (NOVA software).
SURFACE MODIFICATION OF CELLULOSE NANOMATERIAL
TEMPO-mediated oxidation method for CNC surface modification was carried out using published procedure of Sadeghifar et al. (2011) with some modification. About 250 mg CNC, 5 mg TEMPO and 100 mg NaBr were suspended in 25 mL deionized water and were left for 30 min at room temperature. Next, 3.7 mL NaClO 10% solution was added to the mixture. The mixture was agitated mildly for about 20 min. About two drops of NaOH 0.5 M was added and the solution was stirred for the duration of 24-36 h until the pH was maintained at pH 10-10.5 which the reaction was considered completed. About 2.5 mL methanol was added to stop the reaction and the pH was adjusted to pH7 by adding 0.5 M HCl. The carboxylated-CNC (CNC-COOH) was washed for 3 times with deionized water, centrifuged at 10000 rpm and were dried at room temperature before used.
ENZYME IMMOBILIZATION ON SURFACE MODIFIED CELLULOSE NANOMATERIAL
The immobilization of urease enzyme on CNC-COOH surface was completed using EDC and NHS. About 10 mg each of CNC-COOH, NHS and EDC were dissolved in 5 mL 0.1 M MES buffer pH6.5. The mixture was then stirred with magnetic stirrer for 2 h. Urease solution was prepared in 0.05 M PBS pH7.0. After that, 2.5 mL of CNC-COOH-NHS-EDC mixture was mixed with 2.5 mL urease solution (2 mg/mL) and was stirred for about 30 min. The mixture was kept overnight at 4 o C for the immobilization to occur. CNC with immobilized urease was then centrifuged and washed with K-phosphate buffer pH7 (0.05 M) at 10000 rpm (3 times). Urease immobilized on CNC was then redispersed into 0.5 mL K-phosphate buffer pH7.0 and was kept at 4 o C until used.
LEACHING TEST AND ENZYME ACTIVITY After washing the immobilized urease three times with PBS pH7.0 (0.05 M), leaching test of the immobilized enzyme was carried out by re-dispersed the immobilized urease in 100 mL PBS pH 7.0 (0.05 M). About 5 mL of the supernatant was taken out for every 10 min and placed in an empty vial. Then, the supernatant was mixed with 2.48 mL 1 M urea solution and 20 μL 2% phenolphthalein solution. The mixture was left to react for 30 min and the absorbance of the solution at 559 nm was measured. The same procedure was repeated for every 1 to 4 h. In another study, to ensure that the CNC matrix still contained immobilized urease and retained its enzyme activity after the leaching test, 100 mL of solution that contained immobilized urease suspended in PBS was left for 2 h at 4 o C. After that, the supernatant was removed and re-centrifuged at 10000 rpm for 5 min. Then, 600 μL 1 M urea and 10 μL 2% phenolphthalein were added and kept at 4 o C for 2 h.
ENZYME IMMOBILIZATION AND BIOSENSOR FABRICATION
The same procedure for enzyme immobilization was used as stated previously. However, for the biosensor fabrication, about 200 μL urease enzyme was taken from (4 mg/0.4 mL stock) and mixed with mixture of CNC-COOH-EDC-NHS. Biosensor was developed using layer by layer drop coated method. First step involved a drop coated of 5 μL rGO (1 mg/200 μL ethanol) on the SPE and was left to dry at room temperature. After that, another 2 μL rGO was dropped on the SPE and was left to dry at room temperature. Next, 100 μL CNC-urease dispersion was mixed with 50 μL polyHEMA solution (polyHEMA was previously dissolved in H 2 O:1,4-dioxane, 4:1). About 10 μL mixture of CNC urease-polyHEMA was dropped coated on the modified SPE/rGO electrode. The MB was immobilized above 0.5 cm of the electrode surface by drop-coated 10 μL of 40 mM MB in polyHEMA solution (H 2 O:1,4-dioxane). The modified electrode was kept and left to dry at 4 o C until used. Figure 2 summarizes the step-by-step fabrication of the biosensor while Figure 3 shows the SPE modification for used as a biosensor.
ELECTROCHEMICAL STUDY OF UREA BIOSENSOR
Electrochemical measurement was performed using Autolab PGSTAT 12 Potentiostat (NOVA 1.10 software). Conventional three electrodes system was used for all studies in which the modified screen-printed electrode (SPE) was employed as working electrode, glassy carbon electrode as a counter electrode and an Ag/AgCl as a reference electrode. The electrochemical study of rGO and rGO/CNC-COOH modified electrode was carried out in PBS pH7.0 (0.05 M) containing MB using DPV. The effect of scan rate for rGO and CNC-rGO modified electrodes were measured from 10-40 mV/s. The response of the modified electrode containing immobilized urease towards different concentrations of urea in the range of 0-1.0 mM was evaluated in PBS 0.05 M (pH8.0). The electrochemical response was measured with equilibrium time of 5 min. The analysis will involve immobilized MB and the immobilized MB will be diffused into the PBS before measurement start.
RESULTS AND DISCUSSION
The surface of cellulose nanomaterial was modified using TEMPO-mediated oxidation process. The origin of cellulose nanomaterial used was from Kenaf. Acid hydrolysis process was used to produce cellulose nanomaterial. TEMPO-mediated oxidation reaction was depended on pH and involved a stable nitroxyl radicals, TEMPO. The reaction was optimum at pH10-11. The mechanism of TEMPO-mediated oxidation (Figure 4(a) ) involved reactions between NaClO and NaBr to form NaBrO. NaBrO which is the primary oxidant will generate TEMPO+. After that, oxoammonium was reduced to form hydroxylamine (TEMPOH) as shown in Figure 4 (b) . In this reaction, TEMPOH will be oxidized and TEMPO + will be recycled in the system (Buffa et al. 2016) . Immobilization of the enzyme was then completed using NHS as an activator and EDC as a coupling agent in order to activate the carboxyl group for covalent binding of the amine group of the enzyme (Raghav & Srivastava 2016) . Enzyme can be conjugated to CNC-COOH through a nucleophilic attack of the amino group at COONHS to form amide group (Mahmoud et al. 2009 ). Figure 5 shows the reaction of CNC-COOH with EDC and NHS for enzyme immobilization to form amide bond.
FIGURE 2.
Step-by-step for biosensor fabrication The successful surface modification of cellulose nanomaterial which leads to enzyme immobilization was first tested with UV-Vis spectrophotometer. It has been widely known that urease can hydrolyze urea to produce ammonia which can change the pH (1) (Luo & Do 2004) . The response of the immobilized urease toward the presence of urea solution was confirmed using UV-Visible spectrophotometer. The increase of pH due to the production of OH -in the solution can be detected using phenolphthalein indicator. In the presence of immobilized urease and urea, phenolphthalein solution will turn to pink. This indicated that the medium became more basic. Figure 6 (a) shows that no absorption peak occurred during the absence of urease in the solution. However, in the presence of urease, an absorbance peak at 559 nm was observed.
From the leaching test results (Figure 6(b) ), there was a slight increase in absorbance value for the first 30 min due to physical adsorption of enzyme onto the CNC matrix. However, the absorbance decreased showing that the leaching of the randomly adsorbed enzyme was decreased. No enzyme leaching was found starting at 120 min. After there was no leaching found in the PBS solution containing immobilized urease-CNC suspension, the immobilized urease-CNC was exposed to urea and phenolphthalein solution again. After 2 h, the colour of the solution containing CNC matrix immobilized with urease turned to pink and thus confirming that the urease enzyme was immobilized on the CNC and the activity still retained after the immobilization. Therefore, the surface modification using TEMPO-mediated oxidation was considered successful. 
After the modification and conjugation of enzyme on the surface of CNC has been completed, the immobilized urease on nanocellulose materials was used to construct a urea biosensor. Figure 7(a) shows the DPV of the modified electrodes in MB solution. The peak current of modified SPE/rGO/CNC-COOH was reduced as compared to SPE/rGO due to the insulator properties of CNC where it hindered the transfer of electron at the electrode surface (Sadasivuni et al. 2014 ). Higher current was demonstrated by rGO and rGO-CNC modified electrode due to the presence of rGO that possess high electrical conductivity. Based on the DPV, the oxidation of MB occurred at -0.1 V for SPE modified with rGO while SPE/rGO/CNC-COOH at -0.05 V. The effect of scan rate of the modified electrode in MB solution showed that the current increased with the increasing scan rate (Figure 7(b) ). The CV showed that the peaks for MB were obtained around -0.1 V to +0.5 V and there was a slight difference in the potential for CV and DPV possibly due to the electropolymerization process of MB at the surface of the electrode. To explain such behaviour, it has been reported that the electropolymerization of MB at polymer-modified electrode shows that the peaks at negative potential was due to the oxidation of MB monomer while for the positive potential due to the polymer formation. At first, there were a few peaks and the first anodic peak appeared at negative potential. As electropolymerization proceed, the anodic peak was reduced, and a peak appeared at positive potential (Braun et al. 2017; Marinho et al. 2012; Silber et al. 1996) .
Plot of oxidation and reduction current versus square root of the scan rate showed a linear relationship based on Randles-Sevcik equation, i p = (2.69 × 10 5 )n ). The linear relationship between redox current and the square root of the scan rate indicates that the process on the surface of the electrode was diffusioncontrolled (Dai et al. 2013; Othman et al. 2016; Paz Zanini et al. 2016) (Figure 7(c) ). Furthermore, the increasing of peak separation from oxidation to reduction potential with the increasing of scan rate shows that the system is The response of the biosensor increased with increasing concentrations of urea up to 0.1 mM of urea. The trend of the biosensor response followed the kinetic enzyme and gave a linear response in the range of 0.001 -0.1 mM with R 2 value of 0.9693 (Figure 8(b) ). This confirms that the immobilized urease could function as a potential urea biosensor.
CONCLUSION
Surface modification of the CNC was carried out by attaching carboxylate group at CNC surface. The enzyme conjugation was completed using NHS/EDC and the enzyme was successfully immobilized on the CNC surface. This was confirmed by using UV-Visible spectrophotometry and electrochemical studies. The capability of the immobilized enzyme as a potential biosensor was successfully tested for urea detection.
